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SELECTED PROPERTY DATA OF MaTF.RIC.u POTENTIALLY 
USEFUL FOR THERMAL CAPACITOR DESIGN AND CONSTRUCTION 

1. INTRODUCTION 

This part of the report is primarily concerned wich a presentation of 
selected property data of materials potentially useful for thermal capacitor de- 
sign and construction. Major emphasis is placed on the thermal properties of 
paraffin hydrocarbons and hydrocarbon mixtures which may be used as the phase 
change material (PCM) in thermal capacitors. The paraffin hydrocarbons selected 
for consideration are those in the range from (n-Undecane) to C 2 q^2 

(n-Eicosane) . However, a limited amount of data is included concerning ocher 
properties of parafrin hydrocarbons and the thermal and mechanical properties 
of several aluminum alloys which may rind application as constructional ma- 
terials. 

Data concerning the melting temperature, transition temperature, latent 
heat of fusion, heat of transition, specific heat, and thermal conductivity of 
pure and commercial prudes oi parainn hydrocarbons is given in Section 2. An 
index of companies capable ot producing paraffin hydrocarbons and information 
concerning the availability of various grades (purity levels) is given in Sec- 
tions 3 and A, respectively. Selected cost data is givan in Section 3. Mis- 
cellaneous physical and mechanical property data of probable limited use, including 
tenaile strength, dynamic viscosity, density, heat of combustion and flashpoint is 
given in Section 6. Data concerning equilibrium phaae diagrams and latent heats 
of fusion for various binary paraffin hydrocarbon systems is givan in Section 7. 
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Selected thermal and mechanical p'.pctLy data f*ji a number of aluminum alloys is 
given in Section 8. Final i;. , .eieie nee.*; are given m Section 9. 

It is important to mention here that a review of the literature showed the 
existence of a considerable volume or data concerning the thermal properties of 
paraffin hydrocarbons. However, ror much oi the data examined it was found that 
the purity level of the materials investigated was not given. Such data are, 
therefore, of limited use. 

2. THERMAL PROPERTY DATA 1 OR PER £ AND COMMERCIAL GRADES OF SELECTED PARAFFIN 

HYDROCARBONS 

2.1 Introduction 

This section contains the most recent information concerning the melting 
temperature, transition temperature, latent heat or rusion, heat of transition, 
specific heat and thermal conductivity or ultra pure and commercial grades or 
selected paraffin hydrocarbons. 

The approach adopted here is to present the most recent available data from 
the American Petroleum Institute (API; ror ultra high purity parafrin hydrocar- 
bons, and that generated by the authors for commercially available materials or 
various grades provided by two manufacturers. In this way comparisons can be 
made between the properties or ultra pure and commercial grades of material. 

The thermal property data generated for the latter materials was obtained using 
a Perkin-Elmer Differential Scanning Calorimeter, model DSC-1B. The experimen- 
tal procedures used for the various thermal property determinations was that re- 
commended by the manufacturer. In addition, a limited amount of data derived 
from other sources is included. 

Table 1 shows the purity of selected materials available from the American 
Petroleum Institute and two manufacturers, namely; Phillips Petroleum Company 
and Humphrey Chemical Company. Tables 2 and 3 summarize data relating to the 
temperatures of solid - liquid and solid * solid phase transitions, respectively. 
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Tables 4 and 5 summarize data relating to tne heats or transition tor solid ** 
liquid and solid * solid phase uan 0 uionb» respectively. Tables 6 and 1 sum- 
marize data relating to tne specuic heats toe tne liquid and solid phases, re- 
spectively. Data ror both nesting and cooling cycles are included where appro- 
priate- Table 8 summarizes a limited amount oi thermal conductivity data 

2.2 Discussion oi Results 
2.2.1 Transition Temper^tuies 

Vet y accurate determination or phase transition temperatures ror commercial 
grades of normal patarfm hydrocarbons is ditncult because of the presence of 
impurities. In the work conducted by the authors transition temperature data 
could be reproduced to -0.3"K. 

It can be seen tram Table 2, with the exception of data for n-Eicosane 
(90%) and n-Hexadecane (Technical) that the determined solid ♦* liquid transition 
temperatures are close to those for the pure materials although data for the com- 
mercially available materials appears m general to indicate lower transition 
temperatures when compared with the ultra pure materials. In addition, there is 
little diirerence between the melting and r reeling temperatures- This is inter- 
preted as indicating that the impurities are of such a nature and at such a 
levex that the depression ox freezing point is small. Further, it was found 
that there was an absence or super cooling. However, very low rates of heating 
and cooling or approximately 1 K/mm were used. It is, perhaps, important to 
note that the usual impurities in n-paraffln hydrocarbons are other hydrocarbons 
of similar chain length, it the impurities are also isomorphic with the major 
component then the phase behavior of the major component is not drastically al- 
tered. For the present materials data seems to suggest that, indeed, the impu- 
rities are of a similar chain length and isomorphic with the major component 
Ths two possible exception* are n-Eicosane (90%) and n-Hexadecane (Technical). 

i 
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It can be seen trom Table 3 that transition changes occur in the solid state 

* 

for certain parartln hydrocarbons. The pararnn hydrocarbons showing solid - 
solid phase changes are those witn an odd number or carbon atoms m the * -...i 
Again, there is little di iterance in the data derived rrom heating and -oolmg 
cycles. In addition, data ror the cummer c tally available materials is not signi- 
ficantly different trom tnat tor tne pure materials. 

Figures 1, 2, ana 3 show a graphical presentation of the data contained xn 
Tables 2 and 3. Figure <4 snows a limited amount or similar data derived from 
other sources- It can be seen that the r reeling point temperature increases in 
a non-linear manner with increasing carbon chain length over the range or mole- 
cular weights used m the present investigation; a result which may be anticipa- 
ted. 

2.2.2 Latent Heats or Phase Transition 

It can be seen trom lable ** that the determined latent heats of tuslon ror 
the commercial grade materials are close to those tor the ultra high purity ma- 
terials- It is interesting to note that the latent heat of fusion tor n-Eicosane 
(90%) and n-Hexadecane (Ieehmcaij are close to those for the ultra high purity 
materials although their melting points arc. approximately 4K and 7K lower, re- 
spectively. There is little durerence also between latent heats or fusion ror 
melting and freezing cycles as would be anticipated. 

Phase changes in the solid state also were observed for certain of the pa- 
raffin hydrocarbons. This data is presented in lable 5. It can be seen that 
the solid ♦* solid phase transitions exist only tor paraffin hydrocarbons with an 
odd number of carbon atoms m the chain. Again, data is similar to that given 
for the ultra pure materials with little difference between heating and cooling 

cycles* It is evident that the h<°~ats or transition for solid - solid phsse 

♦ 

changes at* considerably i vet than those for solid «- liquid phsse changes for a 
material of a given carbon t tain length- 
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Figures b, 6, and > how the variation zi the latent heat o: tuslon and 
transition with carbon chain length tor the materials tested, and derived rrom 
data presented in Tables 4 and 5. Figure B snows similar data derived trotn 
other sources- It can be seen that the para: tin hydrocarbons can be separated 
into two distinct groups, manely, those with an even number oi carbon atoms in 
the chain and those with an odd number oi carbon atoms in the chain. However, 
for both groups the variation or latent heat oi fusion and transition with in- 
creasing carbon chain length can be represente ' by a straight line over the 
range of molecular weights used in the investigation- 
2.2.3 Specific Heat 

Tables 6 and 7 show experimentally determined values for the specific heats 
in the liquid and solid state rot the materials given in Table 1 Figure 9, iO, 
and 11 show the variation or speciric heat with temperature for the materials 
used in the investigation and derived from data presented in Tables 6 and 7. 
Figure 12 shows a limited amount o. data derived irom other sources. It can ba 
seen for the materials provided by Humphrey Chemical Company that the hydrocar- 
bons can be divided into two groups; namely, those where the specific heat was 
determined in the solid state and those where the specific heat was determined 
in the liquid state- However, tor both groups the variation of specific heat 
with temperature can be represented to a first approximation by a straight line 
with little scatter in data. The general observation is that an increase m 
temperature produces an increase in speciric heat. 

Data for materials provided by the Phillips Petroleum Conpany can also be 
represented in a similar manner to the data prcvided by Humphrey Chemical Com- 
pany. However, tor this latter data there is considerably more scatter parti- 
cularly for materials of technical purity. Since identical procedures ware used 
for all the determinations of specific heats it is concluded that the scatter of 
certain of the data presented in Figure 10 arises because of the presence of 
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unknown quantities or imparities., Apparently, specinc neat determinations are 
mote sensitive to tne presence or impurities tnan determinations or latent neats 
of fusion. 

3. POTENTIAL SUPPLIERS OF SELECTED PARAFFIN HTDROCaRBONS 

A survey was conducted oi petrol earn product manuiacturers in the United 
States. A selection or the Companies and Laboratories capable oi providing the 
selected paraffin hydrocarbons in quantities sulticiently large to be used in 
thermal capacitors is given in Iabie 9. More detailed information is given in 
"Thermal Capacitor Design Rationale", NASA Cooperative Agreement with North 
Carolina State Univetsuy Interim Report No. 2a- January 1973. 

4. CAPABILITIES OF SUPPLrERS 

A review or the products produced by the various Companies and Laboratories 
given in Table 9 was undertaken to determine tne types ot grade of paraitin 
hydrocarbon available and whether or not thermal and physical property data 
could be provided. The results or the review are summarized in Table 10. It is 
to be noted that the American Petroleum Institute (Standard Reference Materials) 
is the only source or compounds or nigh certified purity. More detailed infor- 
mation is given m 'Thermal Capacitor Design Rationale". NASA Cooperative Agree- 
ment with North Carolina State University Inter.. Report No. 2a. January 1973- 

5. COST INFORMATION 

An extensive review ot the cost or the various products produced by the Com- 
panies and Laboratories given in Iabie 9 was undertaken. Data concerning the 
cost of paraffin hydrocarbon* or various gr.des produced by the Phillips Petro- 
leum Company and the Humphrey Chemical Company is given In Tables 11 and i?., re- 
spectively. Only data from these companies were selected because material from 
these companies was used tor the generation of thermal property date. It is 
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pointed out that at the time or writing there is considerable variation m tne 
price or parainn hydrocarbons obtained rrom diiierent sources- In addition, 
the cost of paiaiiin hydrocarbons depends greatly on purity. For example, the 
ultra high purity standard reference materials available from the American Pe- 
troleum Institute cost $95 GO for a 5 ml unit- More detailed information is 
given in "Thermal Capacitor Design Rationale". NASA Cooperative Agreement with 
North Carolina State University Interim Report No. 2a. January 1373. 


6. ADDITIONAL PHYSICAL and mechanical property daia 

6.1 Physical Properties 

Physical properties such as melting point, latent of fusion, heat of tran- 
sition and specific heat are of great importance in the design of thermal capaci- 
tors and a major erfort has been made to generate such property da^a for a num- 
ber of commercially available materials. The results of these efforts have been 
presented in a previous section- However, it is recognized that ocher physical 
properties not examined in the previous section may assume importance. Sucn 
properties include heat of combustion, coefficient of expansion, surface tension, 
density, absolute viscosity and clash point. 

It was net possible to carry out the experimental determination of the 
aforementioned properties because of insufficient financial resources. There- 
fore, the approach adopted was to review the literature and collect previously 
published data. It was found that the only reliable data was that published by 
the American Petroleum Institute for materials of ultra high purity. This data 
has been assembled and is presented in Tables 13 to 18. The purity of the mater- 
ials is given in Table 1. 

6.2 Mechanical Properties 

During the thermal cycling or capacitors through the phase change regime 
large changes in the volume of the paraffin hydrocarbon can occur. In the 
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capacitor the change m volume is accommodated through the provision of sutfici- 
ent ullage space. However, it is recognized that conditions of highly localized 
or improper melting (or freezing! could lead to the generation of high stresses 
within the parattin hydrocarbon which may ultimately lead to permanent deforma- 
tion. Knowledge ot the strength characteristics of paraffin hydrocarbons may, 
therefore, be useful. 

A review of the literature revealed a surprising lack of information con- 
cerning the mechanical properties of paraffin hydrocarbons at various tempera- 
tures. It was, .herefore, decided to generate such data by experiment using the 
tensile test to obtain a measure of strength. The basic test procedure used was 
that described under the American Society for Testing and Materials, Standard 
Designation D 1320-6? (Reapproved 19 71) entitled "Standard Method of Test for 
Tensile Strength ot Paraffin Wax". Details of the procedure will not be given 
here as they are adequately described in the Standard. 

Testa were conducted £ot each material at five selected temperatures using 
an Instron Universal Testing Machine to pull the specimens. The testing speed 
used was 0.25 cm/min. A total of six specimens were used for each temperature 
and the average ultimate tensile strength used to characterize the material. 

All materials showed almost negligible ductility except at temperatures close 
to the melting point temperature. 

The results are shown m Figure 13 as a plot of Ultimate Tensile Strength 
versus Homologous Temperature. The Homologous Temperature is the ratio of the 
testing temperature to the melting point temperature of the material. It can 
be seen from the results that over the homologous temperature range investigated 
the ultimate tensile strength increases with increasing test temperature to a 
maximum, then decreases with a further increase in test temperature becoming 
negligible at the melting point temperature of the material. It can be seen 
also that tensile strength values are extremely low as may ba anticipated. In 
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addition, there was considerable scatter in data io the point where it became im- 
possible to differentiate between the strengths or the various p&rafrm hydrocar- 
bons at a given homologous temperature, A single curve was, thererore, drawn 
through all the data points and the widen of the scatter band indicated. 

The data generated tor the parairin hydrocarbons investigated is quite dif- 
ferent from that produced rot metallic materials which usually show, m the ab- 
sence of strain aging, a progressive decrease m strength with increasing tem- 
perature* Microscopic examination of test samples showed the presence of many 
microcracks and fine scale porosity throughout the test section. It is believed 
that during tests at low temperatures the^e act as stress raisers which, in the 
absence of appreciable ductility leads to rapid failure at low nominal stresses. 
At higher temperatures some viscous flow can occur thereby reducing the effect- 
iveness of the mictocracks so that higher nominal stresses are required to pro- 
duce failure* 

7. SELECTED THERMAL PROPERTY DATA FOR VARIOUS PARAFFIN HYDROCARBON BINARY 

SYSTEMS 

7.1 Introduction 

This section contains information concerning the temperature-composition 
equilibrium phase diagrams and variation with composition of the latent heats 
of fusion and transition tor various binary hydrocarbon systems. The data was 
generated using a Perkin-Elmer Differential Scanning Calorimeter, model DSC-1B. 
The experimental procedure used for the determination of the temperatures and 
latent heats associated with phase transitions was that recommended by the 
manufacturer- The binary systems studied were n-Undecane/n-Dodecane, n-Undecane/ 
n-Hexadecane , n-Dodecane/n-Tridecane, n-Dodecane/n-Nonadecane, n-Dodecane/ 
n-Eicosane, n-Tridecane/n-Gctadeeane, n-Hexadecane/n-Octadecane, n-Octadecane/ 
n-Nonadecane, n-Nonaaecane /n-Eicosane. Ail tests were conducted et atmospheric 


pressure* 
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For each or the ax orementioned systems the two pure materials and nine binary 
compositions at increments or approximately ten weight percent solute were select- 
ed for thermal analysis hach at the selected compositions was melted and mixed 
thoroughly beiore determinations were male. lest samples were examined in the 
approximate cemperatut t: range trom ; 3K tt 3 h 0K. In order to avoid excessively 
long thermal cycles comparatively high rates or heating and cooling in the range 
from 10K to 20K per minute used. With these conditions it was estimated 

that transition temperatures could be determined to - 1.5K. 

Figures 14 to 22 -.now uu binary pnase diagrams or the selected systems de- 
rived from data generated by dir terential scanning colorimetry. Figures 23 to 31 
and Tables 19 to 2? summarize the experimentally determined values for the lat- 
ent heats or fusion and transition- 
7.2 Discussion or Results 
7.2.1 Phase Diagrams 

It is apparent from the data generated and presented in Figures 14 to 22 
that thermal analyses of additional compositions close to the composition extre- 
mities of the phase diagrams is required in order to determine accurately the 
location of the phase boundaries in these regions. Unfortunately t lack ot suf- 
ficient resources prevented the completion of these additional determinations. 

It is, therefore, suggested that the areas of the phase diagrams in the vicin- 
ity of the composition extremities be treated with some caution; although they 
do appear reasonable. It is apparent also that several different solid phases 
can exist simultaneously at a given temperature in all of the phase diagrams. 

These solid phases have been marked simply with a suffix notation (S^, S^» 

S^) to denote differences. No attempt is made here to characterise the atruc- 
ture or nature of these phases* Extensive, carefully controlled X-Ray analyeie 
would, of course, be required to make such structural characterisations. Simi- 
larly, no attempt is made to oiter a detailed thermodynamic rationale to account 
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for the forms of the various phase diagrams because or this lacK oi structural 
information* 

It can be seen r tom figuies tc 22 that three different types 01 phase 
diagrams exist. For a bins' y system formed by pararrm hydrocarbons adjacent 
in the homologous series f odd-even) a wide range oi solid solutions appear to 
be formed with a single perltectic reaction in that region or the phase diagram 
high in concentration ox the hydtocaibon with an even number of carbon atoms in 
the chain (Figures 1*+, 16, 2 x and 22). Ine duplex solid phase region is caused 
apparently by the presence or a solid *- solid phase transformation m the hydro- 
carbon containing an odd number oi carbon atoms m the chain* For a binary 
system formed by pararrm hyaiocaxbons which are next but one neighbors possess- 
ing an even number or carbon atoms m the chain a wide range of solid solutions 
are again formed. However, two pentettic reaction close, both to the composition 
extremities of the phase diagram and melting point temperature of the pure hydro- 
carbons now exist . In addition, a complex eutectoid reaction is present at low 
tenpe acures (Figure 20). For a binary system formed by paraffin hydrocarbons 
where there is a significant ditterence in carbon chain length eutectic systems 
form* The major constituents appear to be insoluable in each other in the solid 
state forming a mechanical mixture: a result which may be anticipated. However, 

it is believed that these diagrams may be more complex in the high temperature 
reg 4 me than is indicated. Dashed lines have been drawn to denote regions of un- 
certainty. (Figures 15, !?, IB and 19). 

7*2*2 Latent Heats of Fusion and Transition 

Figures 23 to 31 and. Tables 19 to 27 summarize date concerning the effect of 
composition on the intent heats of fusion and transition fo~ the nine binary sys- 
tems selected fox study. It can be seen from Figures 23 to 31 that the addition 
of solute to the solvent in all instances produces a decrease in the latent heat 
of fusion so that a minimum is produced m the latent heat of fusion versus 
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composition curve. Fox the banai y pa;at*in hydrocarbon systems whicn torm ex- 
tended solid solution (Figures L4, 16, 20, 21 and 22) the minimum occurs at ap- 
proximately 50 weight percent solute. For the binary pararrin hydrocarbon systems 
which form eutectics the minimum appears to occur close to the eutectic composi- 
tion. Again, no attempt will be maae to ortei a detailed thermodynamic rationale 
to account for the iorrns of the various diagrams given in Figures 23 to 31. 

The latent heat or transition appear also to depend upon composition but to 
a less marked degree than the latent heats ot rusion. Determination of the lat- 
ent heats of transition was extremely diincult and results should be treated 
with some caution. 

8. MECHANICAL AND PHYSICAL PROPERTY DATA OF SELECTED ALUMINUM ALLOYS 
Tables 28 to 31 show important mechanical and physical property data for 

several aluminum alloys or potential use m the construction of thermal capacitors. 
Data was taken from Metals Handbook Vol. 1, American Society for Metals. 
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Table 1 

GRADES OF MATERIALS INVESTIGATED 

MATERIAL 

FORMULA 

GRADE* 

n-Undecane 

C 11 H 24 

99.96 +• 0.03 

n-Dodecane 

C 12 H 26 

99.969 + 0.025 

n-Trldecane 

C 13 H 28 

99.91 + 0.06 

n-Hexadecane 

C 16»34 

99.90 + 0.06 

n-Octadecane 

C 18 H 38 

99.90 + 0.08 

n-Nonadecane 

C 19 H 40 

99.90 + 0.08 

n-Elcosane 

C 20 H 42 

99.90 + 0.08 

n-Undecane 

C 11 H 24 

991 

n-Dodecane 

C 12 H 26 

991 

n-Tridecane 

C 13 H 28 

99Z 

n-Hexadecane 

C 16 H 34 

99Z 

n-Octadecane 

C 18 H 38 

99Z 

n-Nonadecane 

C 19 H 40 

99Z 

n-Eicosane 

C 20 H 42 

99Z 

n-Undecane 

C 11 H 24 

Research 

n-Dodecane 

C 12 H 26 

Pure 

n-Trldecane 

C 13 H 28 

Pure 

n-Hexadecane 

C 16 H 34 

i 

Pure 

n-Hexadecane 

C 16 H 34 

Technical 

n-Octadecane 

C 18 H 38 

Technical 

n-Nonadecane 

C 19 H 40 

Technical 

n-Elcoeane 

C 20 H 42 

Technical 

n-Elcoeane 

C 20 H 42 

(90Z) 


Purity, Mole Percent 
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Table 2. TEMPERATURE OF FUSION 



n-Undecane 

n-Dodecane 

n-Tridecane 

n-Hexadecane 

n-Octadecane 

n-Nonadecane 

n-Eicosane 


n-Undecane 

n-Dodecane 

n-Tridecane 

n-Hexadecane 

n-Octadecane 

n-Nonadecane 

n-Eicosane 


n-Undecane 

n-Dodecane 

n-Tridecane 

n-Hexadecane 

n-Hexadecane 

n-Octadecane 

n-Nonadecane 

n-Elcosane 

n-Eicosane 


KEATING 
(solid -> 

CYCLE 

liquid) 

K 


247.41 

-14.05 

263.41 

14.74 

267.61 

22.30 

291.17 

64.70 

301.18 

82.70 

305.10 

89.80 

309.80 

98.20 

246.5 

-15.7 

261.5 

11.3 

267.0 

21.2 

292.0 

66.2 

300.1 

80.8 

302.5 

85.1 

308.8 

96.5 

244.6 

-19.2 

261.8 

11.8 

265.8 

19.0 

292.0 

66.2 

284.1 

52.0 

299.7 

80.1 

304.5 

88.7 

308.0 

95.0 

305.5 

90.5 


COOLING CYCLE 
(liquid solid) 



247.0 

262.5 

267.2 

291.5 

300.2 

302.5 

308.2 


247.0 

262.0 
266.0 
291.7 
286.0 

299.5 

305.5 

308.0 

306.0 


-14.8 

13.1 
21.6 
65.3 
81.0 

85.2 
95.5 


-14.8 

12.2 

19.4 

65.7 

55.4 

79.7 

90.5 
95.0 

91.5 
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Table 3. TEMPERATURE OF TRANSITION 


A1A. 3 



HEATING CYCLE 
(solid - solid) 

MATERIAL 

■a 

°F 

n-Undecane 

236.6 

-33.5 

n-Dodecane 


- 

n-Tridecane 

255.0 

- 0.4 

n-Hexadecane 


- 

n-Octadecane 


- 

n-Nonadecane 

295.9 

73.2 

n-Eicosans 


- 

n-Undecane 

237.0 

-32.8 

n-Dodecane 


- 

n-Tridecane 

254.1 

2.0 

n-Hexadecane 


- 

n-Octadecane 


- 

n-Nonadccane 

294.8 

71.2 

n-Eicosane 


- 

n-Undecane 

236.2 

-34.3 

n-Dodccane 


- 

n-Tridecane 

252.1 

- 5.65 


n-Eexadecane 

n-Hexadecane 

n-Octadecane 

n-Nondecane 

n-Eicosane 


293.6 


COOLING CYCLE 
(solid - solid) 



236.6 


255.0 - 0.4 


294.0 


237.0 


254.0 - 2.2 


294.0 


n-Eicoeane 
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Table 4. HEAT OF FUSION 


A1A.4 


i 

1 HEATING CYCLE 


COOLING CYCLE 

1 

(solid 

-*• liquid) 


(liquid 

solid) 

MATERIAL 

j 

Joule/Kg 

Btu/lb 


Joule/Kg 

Btu/lb 

n-Undecane 

14.2 

X 

10 4 

61.2 





n-Dodecane 

21.6 

X 

10 4 

93.2 

s 




n-Tridecane 

15.4 

X 

10 4 

66.5 

> 

M 

o 









LO 

§ 5/5 



n-Hexadecane 

23.5 

X 

10 4 

101.5 

w 

u 

<4 W 

►J 








g 

o o 

ss >* 



n-Octadecane 

24.4 

X 

io 4 

105.0 

s 

H « 








fc 

^ § 



n-Nonadecane 

18.7 

X 

10 4 

80.6 

M 

Q 

hU H 


! 

n-Elcosane 

24.8 

X 

io 4 

107.0 

O 

>5 

S 8 

K o 



n-Undecane 

14.0 

X 

10 4 

60.4 


14.3 x 

10 4 

61.7 

n-Dodecane 

21.8 

X 

io 4 

94.0 


22.0 x 

io 4 

94.9 

n-Tridecane 

14.5 

X 

io 4 

62.5 


15.9 x 

10 4 

68.5 

n-Hexadecane 

23.7 

X 

io 4 

102.0 


23.5 x 

xo 4 

101.5 

n-Octadecane 

24.8 

X 

io 4 

107.0 


24.5 x 

io 4 

105.6 

n-Nonadecane 

18.0 

X 

xo 4 

77.5 


18.0 x 

io 4 

77.5 

n-Eicosane 

24.9 

X 

io 4 

107.5 


24.5 x 

io 4 

105.5 

n-Undecane 

14.2 

X 

xo 4 

61.4 


14.1 x 

10 4 

61.0 

n-Dodecane 

21.8 

X 

10 4 

94.0 


21.2 x 

10 4 

« 

91.5 

n-Tridecane 

15.4 

X 

io 4 

66.2 


15.0 x 

xo 4 

64.8 

n-Hexadecane 

23.9 

X 

io 4 

103.0 


23.5 x 

10 4 

101.5 

n-Hexadecane 

24.4 

X 

10 4 

105.0 


23.7 x 

xo 4 

102.0 

n-Octadecane 

24.3 

X 

io 4 

104.6 


24.2 x 

xo 4 

104.5 

n-Nonadecanc 

18.2 

X 

io 4 

78.3 


17.9 x 

xo 4 

77.2 

n-Eicosane 

25.5 

X 

io 4 

110.0 


24.3 x 

xo 4 

' 104.8 

n-Eicosane 

24.1 

X 

10 4 

104.0 


23.4 x 

xo 4 

101.0 
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Table 5. HEAT OF TRANSITION 


A1A.5 


MATERIAL 


n-Undecane 

n-Dodecane 

n-Tridecane 

n-Hexadecane 

n-Octadecane 

n-Nonadecane 

n-Elcosane 


n-Undecane 

n-Dodecane 

n-Tridacane 

n-Hexadecane 

n-Octadecane 

n-Nonadecane 

n-Eicosane 


n-Undecane 

n-Dodecane 

n-Tridecane 

n-Hexadecane 

n-Hexadecane 

n-Octadecane 

n-Nonadecane 

n-Eicoaane 


HEATING i 
(solid -*■ i 

CYCLE 

solid) 

Joule/Kg 

Btu/lb 

4.39 x 10 A 

18.9 

j 4.16 x 10 A 

17.9 

I 

i 

5.14 x 10 A 

22.2 

4.09 x 10 A 

17.6 

4.33 y 10 A 

18.7 

5.13 x 10 A 

22.1 


4.03 x 10 17.4 


4.03 x 10* 17.4 


COOLING CYCLE 
(solid -*■ solfd) 


Joule/Kg Btu/lb 


w z 

w < 

o 

z o 


4.05 x 10’ 37.4 


4.7 x 10 20.3 


5.16 x 10 22.3 


4.22 x 10 18.2 


4,06 x 10 17.5 


4.95 x 10* 21.4 


4.99 x 10 21.5 


n-Elcosane 
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Table 6. SPECIFIC HEAT (LIQUID PHASE) 


A1A.6 


MATERIAL 


Btu/lb F 


Joulc/Kg.K 


n-Undecane 

0.366 

1.53 

X 

io 3 

273 

32.0 

n-Dodecane 

0.366 

1.53 

X 

10 3 

273 

32.0 

n-Tridecane 

0.366 

1.53 

X 

io 3 

273 

32.0 

n-Hexadecane 

0.406 

1.70 

X 

io 3 

311 

100.0 

n-Octadecane 

0.406 

1.70 

X 

io 3 

311 

100.0 

n-Nonadecane 

0.405 

1.69 

X 

io 3 

311 

100.0 

n-Eicosane 

0.464 

1.94 

X 

io 3 

366 

200.0 

n-Undecane 

0.451 

1.89 

X 

10 3 

270 

26.6 

n-Dodecane 

0.513 

2.15 

X 

io 3 

290 

62.6 

n-Tridecane 

0.516 

2.16 

X 

io 3 

300 

80.2 

n-Hexadecane 

0.551 

2.31 

X 

10 3 ! 

330 

134.5 

n-Octadecane 

0.556 

2.33 

X 

10 3 

330 

134.5 

n-Nonad-cane 

0.549 

2.30 

X 

io 3 

340 

153.5 

n-Eicosane 

0.587 

2.46 

X 

io 3 

350 

171.0 

n-Undecane 

0.509 

2.13 

X 

io 3 

270 

26.6 

n-Dodecane 

0.540 

2.26 

X 

io 3 

290 

62.6 

n-Tridecane 

0.526 

2.20 

X 

IO 3 

300 

80.6 

n-Hexadecane 

0.552 

2.31 

X 

IO 3 

330 

134.5 

n-Hexadecane 

0.578 

2.42 

X 

io 3 

330 

134.5 

n-Octadecane 

0.536 

2.24 

X 

io 3 

330 

134.5 

n-Nonadecane 

0.536 

2.24 

X 

io 3 

340 

153.5 

n-Eicosane 

0.536 

2.24 

X 

10 3 

340 

153.5 

n-Eicosane 

0.559 

2.34 

X 

io 3 

340 

153.5 


TEMPERATURE 

tr 
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Table 7. SPECIFIC HEAT (SOLID PHASE) 







I TEMPERATURE 


MATERIAL 

Btu/lb°F 

Joule/Kg. K 

K °F 

n-Undecane 

- 


- 


f 

- 

n-Dodecane 

0.347 

1.42 

X 

10 3 

255 

0 

n-Tridecane 

0.346 

1.42 

X 

10 3 

255 

0 

n-Hexadecane 

0.346 

1.42 

X 

10 3 

255 

0 

n-Octadecane 

0.346 

1.42 

X 

10 3 

255 

0 

n-Nonadecane 

0.346 

1.42 

X 

io 3 

255 

0 

n-Eicosane 

0.345 

1.41 

X 

io 3 

255 

0 

n-Undecane 

0.320 

1.34 

X 

io 3 

220 

-63.5 

i 

n-Dodecane 

0.405 

1.69 

X 

IO 3 

250 

- 9.4 

n-Tridecane 

0.380 

1.59 

X 

io 3 

240 

-27.5 

n-Hexadecane 

0.430 

1.80 

X 

io 3 

280 

44.6 

n-Octadecane 

j 

0.450 

1.88 

X 

io 3 

280 

44.6 

n-Nonadecane 

0.430 

1.80 

X 

io 3 

270 

26.6 

| n-Eicosane 

[.. . - 

0.460 

1.92 

X 

io 3 

300 

60.6 

n-Undecane 

0.301 

1.26 

X 

10 3 

220 

-63.5 

n-Dodecane 

0.420 

1.76 

X 

10 3 

250 

- 9.4 

n-Tridecane 

0.380 

1.59 

X 

10 3 

240 

27.5 

n-Hexadecane 

0.401 

1.68 

X 

10 3 

270 

26.6 

n-Hexadecane 

0.402 

1.68 

X 

10 3 

270 

26.6 

n-Octadecane 

0.470 

1.97 

X 

io 3 

280 

i 

44.6 

n-Nonadecane 

0.452 

1.89 

X 

10 3 

280 

44.6 

n-Elcosane 

0.426 

1.78 

X 

io 3 

290 

62.6 

n-Eicoaanc 

0.569 

2.38 

X 

10 3 

1 290 

62.6 
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Table 9 POTENTIAL SUPPLIERS OF SELECTED PARAFFIN HYDROCARBONS 
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Taole 10. CAPABILITIES OF POTENTIAL SUPPLIERS 

“ I ABILITY TO SUPPLY GRADES OF PARAFFIN ABILITY TO SUPPLY THERMAL 

COMPANY PARAFFIN HYDROCARBONS HYDROCARBON AVAILABLE AND PHYSICAL PROPERTY DATA 
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X 

B 
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X 
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u 

6 
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>» 
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m 

0 

'm 

0 


a 

P 
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p 

p 

p 

U 

0 d 

X 

0 
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m 


a 

X 

p 

>s 
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a 

u 

p 

p 

0 

d 

0 

X 
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o 

X 

X 
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a 
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*Data probably obtained from American Petroleum Institute (Standard Reference Materials) 
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Table 11 PHluL.PS PETROLEuM COMPANY 


MATERIAL 

FORMULA j 

n-Nonane 

C 9 H 20 

n-Nonane 

C 9 H 20 

n-Nonane 

C 9 H 20 

n-Decane 

C )0 H 2? 

n-Decane 

C 10 H 22 

n-Decane 

C 10 H 22 

n-Undecane 

C 11 H 24 

n-Undecane 

C 11 H 24 

n-Undecane 

C 11 H 24 

n-Dodecane 

C 12 H 26 

n-Dodecane 

C 12 U 26 

n-Dodecane 

C 12 H 26 

n-Tr ldecane 

C 13 H 28 

n-Tridecane 

C 13 H 28 

n-Tzidecane 

C 13 H 28 

n-Tetradecane 

C 14 H 30 

n-Tetradecane 

C 14 H 30 

n-Pentadecane 

C 15 H 32 | 


PURITY 


99*6?% tResea^ch) 
99 . OX (Pure; 

95 0% (Technical; 
99 - (Research) 
99- 0% (Pure) 
95-02 (Technical) 
99. ? 5% (P.eseaich) 
99 02 (Pure) 

952 (Technical) 
99 ?h% (Research) 
99-0% ‘ (Pure) 

95.02 (Technical) 
99.822 (Reaearch) 

99.02 (Pure) 

952 (Technical) 
992 (Pure) 

952 (Technical) 
952 (Technical) 


200gm-$59.40, 400gm-$95.00 
0.71b-$l0.80, l-4ib-3l9-40 
1.4lb-$15.l0, 6.01b-$38.85 
200gm-$59 40, 400go-$95.00 
0,7ib-$16,20, 1.41b-$29. 15 
1.4lb-$12.95, 6.11b-$35.60 
200gm-$59 40, 400gm-$95.00 
l,51u-$23.75, 6.21b-$70.20 
1.51b-$16.20, 6.21b-$39,95 
200gm-559.40, 400gm-$95-00 
0. 71b-$10.80, 1.51b-$18-35 
1.51b-$12.95, 6.21b-$35.60 
200gm-$59-40, 400gm-$95.00 

0.71b-$18.35, 1.51b-$33,45 
1.51b-$22.65, 6.31b-$63.70 
l,51b-$20.50, 6.41b-$66.95 
1.51b-$12.95, 6.41b-$45.35 
0.71b-$11.85, 1.51b- $20. 50 
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Table 11, PHILLIPS PETROLEUM COMPANY (cone) 


MATERIAL 

FORMULA 

PURLTi 

COST 

n-Kexadecane 

C 16 H U 

99.0% (Pure) 

! 

0. 7 lb- $15. 00, 1.51b-$24.00 

n-Hexadecane 

C 16 H 34 

95 % (Technical) 

1.51b-$21 .50, 6.41b-$58 30 

n-Heptadecane 

C i? H 36 

95% 'Techni .ai) 

0. 71b-$ll,bj, 1.51b-$20.50 

n-Octadecane 

C 18 H 33 

95% (Technical) 

0.71b-$11.85, 1.51b-$20.50 

n-Nonadecane 

C 19 H 40 

95% (Technical) 

0. 71b-$11.00, 1.51b-$19.00 

n-Eicosane 

C 20 H 42 

95% (Technical) 

0.71b-$16.00, l,51b-$28.00 

n-Eicosane 

C 20 H 42 

90% 

1.51b-$20.50, 6.41b-$58.30 


*Information obtained Icom Hydiocarbons and Pettosulfut compounds , price list 
number 17. Phillips Petroleum Company.- Similar information available for 
many other compounds from same scuxce. 








n-Nonane 

C 9 H 20 

a9 

992 

0.25gal-$20.00, 1.0gal-572.00 
1 gal 6.0 lbe 

n-Decane 

C iO H 22 

AiU 

9 *% 

0.25gal-$ll 00, l-0gal-$4i 00 
1 gal A.l ’be 

n-Undecane 

C 11 H 2* 

All 

992 

0.25gal-$29.00, 10gal-$66-00 
1 gal 6.2 lbe 

n-Dodecane 

C 12 H 26 

AI2 

992 

0.25gal-$12.00, 1.0gal-$47 00 
1 gal 6.3 lbs 

n-Tridecane 

C 13 H 23 

A13 

992 

0.25gal-$29.00, 1.0gal-$100.00 
1 gal 6.3 lbe 

n-Tetradecane 

C 14 H 30 

A14 

992 

0.25gal-$14.00, 1.0gal-$55,00 
1 gal 6.4 lbe 

n-Pentadecane 

C 15 H 32 

A15 

992 

0.25gal-$30.00, 1.0,il-$120.00 
1 gal 6.4 lbe 

n-Hexadecane 

C 16 H 34 

A16 

992 

0.25gal-S12.50, l-0gal-$48.00 
1 gal 6.4 lbe 

n-Heptadecane 

C 17 H 36 

A17 

992 

0.25gal-$33.00, 1.0gal-$110.00 
1 gal 6.4 lba 

n-Octadecane 

C 18 H 38 

A18 

992 

025gal-$14.00, 1.0gal-$55-00 
1 gal 6.5 lbe 

n-Nonadecane 

C 19 H 40 

A19 

992 

0.25gal-$36.00, ) .0gal-$120.00 
1 gal 6.5 lbe 

n-Elcoaane 

C 20 H 42 

A20 

992 

0.25gal-$20.00, 1.0g«l-$78,00 
1 gal 6.6 lbs 


‘Information obtained from Humphrey Chemical Company Catalog. Similar 
information available for ocher compounda from same aourca. 
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Table li. DENSITY (LIQUID PHASE) 
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* Undei cooled liquid below normal freezing point. 
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Table 14 SURFACE TENSION 


A1A. 16 



MATERIAL 

lbt/ln 
(68 F) 

N/M 

(293 K) 

lbf/in 
(104° Fl 

N/M 

(313 Kj 

n~Undecane 

14.1 x 10' 5 

24 7 x IO -3 

- j 

1 -5 

| 13.1 x 13 * 

-5 

22 9 x 10‘ 3 
-3 

n-Dodecane 

14 5 x 10 

25^ x . } 

; X 10 

23.6 x 10 J 

n-Tridecane 

1^8 x 10 3 

26.0 x Iff 3 

l i .9 x 10" 5 

24.2 x IO** 3 

n-Hexadecane 

15 7 x 10" 5 

27.5 x 10~ 3 

14.7 x 10 -5 

25.8 x 10~ 3 

n-Octadecane 

16-2* x 10“ 5 

28.3* x iO -3 

15.2 x 10~ 5 

26.6 x 10* 3 

n-Nonadecane 

16 3* x IO -5 

28.6* x 10' 3 

15-4 x 10" 5 

26.9 x 10' 3 

n-Eicosane 

16.5* x 10-5 28.9* x 10 -3 

15.5 x 10 -5 

27.2 x 10" 3 


MATERIAL 

lbi/in N/M 

(140° F) (333 K) 

lbf/in N/M 

(176° F) (353 K) 

n-Undecane 

12.0 x 10~ 5 21.1 x 10" 3 

11.0 x i:' 5 19.3 x IO” 3 

n-Dodecane 

12.5 x IO -5 21.8 x IO' 3 

11.5 x 10~ S 20.1 x IO" 3 

n-Trtdecane 

12.9 x IO’ 5 22.5 x 10“ 3 

11.9 x 10‘ 5 20.8 x IO’ 3 

n-Hexadecane 

13.7 x 10~ 5 24.1 x IO -3 

12.8 x 10" 5 22.4 x 10~ 3 

n-Octadecane 

14.2 x IO -5 24.9 x 10~ 3 

13- 3 x 10~ 5 23.2 x LO* 3 

n-Nonadccane 

14,4 x IO" 5 25- 2 x IO' 3 

13.5 x 10’ 5 23.6 x 10‘ 3 

n-Eicosane 

14.3 x 10~ 5 25 5 x IO" 3 

13.6 x 10‘ 5 23.9 x 10~ 3 


* Unde i coo lad liquid below normal freezing point. 
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Table 15 ABSOLUTE VISCOSIT* 


MATERIAL 

lbf-aac/ft 2 
(50° P) 

N-sec/m 2 
(283 K) 

lbf-aac/ft 2 
(68° F) 

N-eac/x 2 
(293 K) 

n-Undecane 

2.96* 10' 5 

1.42* 10" 3 

2.48 x 10“ 5 

1.19* 10‘ 3 

n-Dodecano 

3.82 k 10~ 5 

1.83 x 10“ 3 

3.14 x 10“ 5 

1.50 x 10~ 3 

n-Tridecane 

4.80 x 10~ 5 

2.30 x 10 -3 

3.93 x 10" 5 

1.88 x !0” 3 

n-Hexadecane 

— 

— 

7.26 x 10" 5 

3.47 x 10" 3 

n-Octadecane 

— 

— 

— 

— 

1 

n-Nonadecane 

— 

— 

— 

— 

n-Elcoaana 


— — — 

— 



MATERIAL 

lbf-aac/ft 2 
(86° F) 

N-aec/x 2 
(303 K) 

i 

lbf-aac/ft 2 
(104° F) 

N-aac/x 2 
(313 E) 

n-Undacana 

2.11 x 10" 5 

1.01 x 10~ 3 

1.82 x 10“ 5 

0.87 x 10" 3 

n-Dodacane 

2.63 x 10“ 5 

1.26 x 10“ 3 

2.25 * IQ' 5 

1.08 « 10“ 3 

n-T rid* cane 

3.25 x 10~ 5 

1.56 x 10“ 3 

2.74 x 10" 5 

1.31 x 10“ 3 

n-Haxadacano 

5.76 x 10“ 5 

2.76 x 10 -3 

4.69 x 10’ 5 

2.24 x 10“ 3 

n-Octadacane 

8.10 x 10" 5 

3.88 x 10“ 3 

6.44 x 10‘ 5 

3.08 x i0“ 3 

n-Mooadacane 

— 

— 

7.47 x 10’ 5 

3.58 x 10“ 3 

n-Eicosana 

— 



8.66 x 10" 5 

4.14 x 10“ 3 
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Table 16 ABSOLUTE VISCOSITY (continued) 
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MATERIAL 


lbf-set/ it' 
(122° F) 


N-sec/m 
(323 K) 


lbf-uec/f t 
(140° F) 


N-c.ec/* 
(333 K> 


1.59 

X 

o 

\ 

cn 

0.76 

X 

io ~ 3 

1.40 

X 

io" 5 

0.67 

X 

10" 

1.94 

X 

10" 3 

0.93 

X 

io " 3 

I 

1.70 

X 

io" 5 

0.81 

X 

10" 

2.34 

X 

10- 5 

1.12 

X 

io " 3 

2.03 

X 

io" 5 

0.97 

X 

io" 

3.89 

X 

10" 5 

1.86 

X 

io " 3 

| 3.28 

X 

10 " 5 

1.57 

X 

io" 

5.24 

X 

10~ 5 

2.51 

X 

io ' 3 

4.75 

X 

io' 5 

2.08 

X 

10" 

6.02 

X 

10" 5 

2.88 

X 

io " 3 

4.95 

X 

io" 5 

2.37 

X 

10 

6.91 

X 

10" 5 

3-31 

X 

io " 3 

5.64 

X 

io" 5 

2.70 

X 

10" 
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Table 16 HEAT OF COMBUSTION (77° F/298 K) 


MATERIAL ] 

| 

n-Undecane 


STATE 


gas 

liquid 


H 2 0 (liquid) CO 2 (gas) 


Btu/ lb 


Joule/ Kg 


H 2 0 (gaa) 
Btu/ lb 


n-Dodecane gas 

liquid 

n-Tridecane gas 

, liquid 

n-Hexadecane ! gas 

' liquid 

n-Octadecane gas 

, liquid* 


n-Nonadecane 1 gas 

liquid* 

n-Eicosane gas 

liquid* 


Undercooled liquid below normal freezing point temperature. 


Table 1? FLASH POINT 




A1A.19 

C0 2 (gas) 
Joule/ Kg 


20-6 

X 

10 3 

47.9 

X 

10* 

19.1 

X 

io 3 

44.5 

X 

i0 6 

20.4 

X 

10 3 

47.5 

X 

10 6 

19.0 

X 

io 3 

44.1 

X 

10® 

20.6 

X 

10 3 

47.8 

X 

i0 6 

19.1 

X 

10 3 

44.4 

X 

10 6 

20 .4 

X 

10 3 

47.4 

X 

10 6 

19.0 

X 

io 3 

44.1 

X 

10 

20.5 

X 

10 3 

47.7 

X 

10 6 

19.1 

X 

10 3 

44.4 

X 

“>6 

20.4 

X 

10 3 

47.4 

X 

io 6 

18.9 

X 

10 3 

44- 0 

X 

10® 

20.5 

X 

10 3 

47.6 

X 

i°* 

19.1 

X 

10 3 

44.3 

X 

< 

20,3 

X 

10 3 

47.2 

X 

10 6 

19.0 

X 

io 3 

43 9 

X 

10® 

20.-. 


10 3 

47.5 

X 

10* 

19.0 

X 

io 3 

44.2 

X 

10* 

20.3 

< 

10 3 

47.2 

X 

10 6 

19.0 

X 

10 3 

43.9 

X 

10® 

20.4 

X 

10 3 

47,5 

X 

10 6 

18.9 

X 

IO 3 

42.2 

X 

10 6 

20.3 

X 

10 3 

47.1 

X 

io 6 

19.0 

X 

10 3 

44.2 

X 

10® 

20.4 

X 

10 3 

47.5 

X 

10* 

19.0 

X 

10 3 

44.2 

X 


20.3 

X 

10 3 

47.1 

X 

io 6 

18.9 

X 

IO 3 

43.8 

X 

10® 



n-Eicosane 
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Table 19- HEAT OF FUSION AND TRANS! I ION 


u 

NDECANE 

- DODECANE SYSTEM 

! 

» 

Weight Percent 
Dodecane 

Heat 



of Fusion 

j 

Heat o t Transition! 

t 


Joule/ Kg 

Btu/ lb 

Joule/Kg 

Btu/ lbt 

0 

14-0 x 

10* 

60.4 

4.39 x 10 4 

18.9 

10 

10, J x 

10 4 

43.1 

— 

- 

20 

5.0 x 

io 4 

21.6 

— 

- 

30 

4.5 x 

10 4 

19.4 

— 

- 

40 

3.5 x 

10 4 

15.1 

— 

i 

50 

0.5 x 

10 4 

2.2 

— 

i 

60 

3.0 x 

10 4 

12.9 

— 

1 

- ! 

70 

6.0 x 

10 4 

25.8 

— 

! 

| 

i 

80 

10.0 x 

10 4 

43.1 

— 

! 

- 1 

90 

15 0 x 

10 4 

64.7 

— 

1 

| 

100 

i 21.8 x 

10 4 

94.0 

i 

\ 

,1, —J 


Table 20. HEAT OF FUSION AND TRANSITION 


UN 

DECANE - 

HEXADECANE SYSTEM 


Weight Percent 
Hexadecane 

Heat 

ot Fusion 

Heat of Transition 


Joule/ Kg 

Btu/lb 

Joule/ Kg 

Btu/lb 

0 

14.0 x 

10 4 

60.4 

4.05 x 10 4 

17.5 

10 

10.0 x 

10 4 

43.1 

2.5 x 10 4 

10.8 

20 

4.0 x 

10 4 

17.2 

— 

• 

30 

5.0 x 

10 4 

21.6 

2.5 x 10 4 

10.8 

40 

5.0 x 

10 4 

21.6 

— 

- 

50 

4.5 X 

10 4 

19-4 

— 

- 

60 

6.5 x 

10 4 

28.0 

3.0 x 10 4 

12.9 

70 

X 

o 

• 

o 

r-4 

10 4 

43.1 

3.0 x 10 4 

12.9 

80 

11.5 x 

10 4 

49.6 

3.0 x 10 4 

12.9 

90 

17.5 x 

10 4 

75.4 

3.0 x 10 4 

12.9 

100 

23.7 x 

10 4 

102-0 ! 

- 
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Table 21- HEAT OF FUSION AND TRANSITION 


DODECaNE 

- TRIDECANE 

SYSTEM 



Weight Percent 
Tri.iecane 

Heat 

or Fusion 

Heat 

o r Transition 


Joule/Kg 

Btu/lb 

Joule/Kg 

Btu/lb 

0 

21.8 

X 

10* 

94.0 


— 

- 

10 

17.0 

X 

io 4 

73.3 

2.5 

x 10 4 

10.8 

20 

13.5 

X 

10 4 

58.2 

2.0 

x 10 4 

8.6 

30 

10.5 

X 

10“ 

45.3 

1.7 

x 10 4 

7.3 

40 

8.5 

X 

io 4 

36.6 

1.6 

x 10 4 

6.9 

50 

6.7 

X 

io 4 

28.7 

0.5 

x 10 4 

2.2 

60 

7.7 

X 

10* 

33.2 

1.2 

x 10 4 

5.2 

70 

9.4 

X 

io 4 

40.5 1 

| 

1.7 

x 10 4 

7.3 

80 

11.5 

X 

io 4 

49.6 

2.0 

x IO 4 

8.6 

90 

13.7 

X 

io 4 

59.0 ' 

3.0 

x IO 4 

12.9 

100 

14.5 

X 

io 4 

62.5 

4.33 

x 10 4 

18.7 


Table 22. HEAT OF FUSION AND TRANSITION 


DODECANE - 

NONADECANE 

SYSTEM 



Weight Percent 
Nonadecane 

Heat 

of Fusion 

Heat 

of Transition 


Joule/Kg 

Btu/lb 

Joule/Kg 

Btu/lb 

0 

21,8 x 

10 4 

94.0 


— 

- 

10 

12.0 x 

io 4 

51.7 


— 

- 

20 

10.0 x 

10 4 

43.1 


— 

- 

30 

6.5 x 

io 4 

28.0 


— 

- 

40 

5.2 x 

10 4 

22.4 


— 

- 

50 

5.9 x 

10 4 

25.4 

4.0 

x 10 4 

17.2 

60 

10.0 x 

10 4 

43.1 

4.0 

x 10 4 

17.2 

70 

8.7 x 

IO 4 

37.5 

5.0 

x IO 4 

21.6 

80 

12.3 x 

IO 4 

53.0 

4.0 

x 10 4 

17.2 

90 

15.2 x 

IO 4 

65.5 


— 

- 

100 

18.0 x 

10 4 

107.5 

5.13 

x IO 4 

22.1 
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Table 23. HEAT OF FUSION AND TRANSITION 


DODECANE - EICOSANE SYSTEM 


Height Percent 
Eicoaane 

Heat of Fusion 

, Heat of Transition 

Joule/ Kg Btu/lb 

Joule/Kg Btu/lb 

0 

21.8 x 10 4 94 



10 

12.5 x 10 4 53.9 



20 

8.5 x 10 4 36.6 



30 

6.3 x 10 4 27.2 

— 

40 

7.7 x 10 4 33.2 



50 

7.8 x 10 4 33.6 



60 

8.8 x 10 4 37.9 

~ 

70 

9.-» x 10 4 40.5 

— 

80 

12.3 x 10 4 53.0 



90 

16.7 x 10 4 72.0 



100 

24.9 at 10 4 107 




Table 24. HEAT OF FUSION AND TRANSITION 


TR 

IIiECANE 

- OCTADECANE 

SYSTEM 


Height Percent 

Heat 

of Fusion 

Boat of Transition! 

Octadecane 







Joule/Kg 

Btu/lb 

Joule/Kg 

~Itu7lb 

0 

14.5 x 

10 4 

62.5 

A 

4.33 x 10* 

18.7 

10 

10.2 x 

10 4 

44.0 



20 

9.6 x 

10 4 

41.4 

4.5 x 10 4 

19.4 

30 

4.2 x 

10 4 

18.1 

4.0 x 10 4 

17.2 

40 

5.2 x 

10 4 

22.4 

— 


50 

5.6 x 

10 4 

24.1 

5.0 x 10 4 

21.6 

60 

9.0 x 

10 4 

38.8 

5.0 x 10 4 

21.6 

70 

12.6 x 

10 4 

54.3 

5.0 x 10 4 

21.6 

80 

17.5 x 

10 4 

75.4 

— 

— 

90 

22.5 x 

10 4 

97.0 

5.0 x 10 4 

21.6 

100 

24.9 x 

10 4 

107.5 

e»«Me 
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Table 25. HEAT OF FUSION AND TRANSITION 


HEXADECaNE 

- OCTADECANE 

SYSTEM 


Weight Percent 
Octadecane 

Heat 

of Fusion 

Heat of Transition 


Joule/ Kg 

Btu/ lb 

Joule/ Kg 

Btu/lb 

0 

23.7 x 

10* 

102.0 

— 


10 

18.0 x 

10* 

77-6 

— 

— 

20 

13.7 x 

10' 

59-0 

2,0 x 10* 

8.62 

30 

10.2 x 

10* 

43.9 

2.0 x .10* 

8.62 

40 

9-2 x 

10* 

39.6 

1.5 x 10* 

6.46 

50 

9-2 x 

10* 

39.6 

1.5 x 10* 

6.46 

60 

11.1 x 

10* 

47.8 

2.0 x 10* 

8.62 

70 

13.6 x 

10* 

58.6 

2.5 x 10* 

10.85 

80 

16.6 x 

10* 

71.5 

— 

— 

90 

19.5 x 

10* 

84.0 




100 

24.8 x 

10* 

107.0 



... 


Table 26. HEAT OF FUSION AND TRANSITION 


OCTADECANE - NONADECANE SYSTEM 


Weight Percent 
Nonadecane 


Heat of Fusion 


Joule/Kg I Btu/lb 


Heat of Transition 
Joule/Kg 1 Btu/lb 


0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 


24.8 x 10 

16.0 x 10* 

13.4 x 10* 

10.5 x 10* 

10.1 x 10* 
9.3 x 10* 

10.5 x 10* 

11.2 x 10* 

14.2 x 10* 

15.6 x 10* 
18.0 x 10* 


107 

68.9 

57.7 

45.3 

43.5 

40.1 

45.3 

48.3 

61.2 
67.2 

77.5 


4.0 x 10 H 

3.0 x 10* 
2.8 x 10* 
2.5 x 10* 

2.0 x 10* 
2.5 x 10* 

3.0 x 10* 
3.3 x 10* 

4.0 x 10* 
5.13 x 10* 


17.2 
12.9 
12.1 
10.8 

8.62 

10.8 

12.9 

14.2 
17.24 
22.1 
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Table 27. HEaT OF FUSION AND TRANSITION 


NONADECANE - EICOSANE SYSTEM 


Weight Percent 
Eicosane 

Heat of Fusion 

Heat of Transition 

Joule/ Kg [ Btu/lb 

Joule/Kg 

Btu/lb 

0 

18.0 x 10 4 77.5 

4.95 x 10 4 

21.4 

10 

15,0 x 10 4 64.7 

3.3 x 10 4 

14-2 

20 

12.7 x 10 4 54.7 

2.3 x 10 4 

12.1 

30 

10,1 x 10* 4 43.5 

2.6 x 10 4 

11.2 

40 

10.0 x 10 4 43.1 

2.6 x 10 4 

11.2 

50 

10.1 x 10 4 43.5 

1.5 x 10 4 

6.5 

60 

11.7 > 15 4 50.9 

2.1 x 10 4 

9.1 

70 

13.4 x 10 4 57.7 

2.6 x 10 4 

11.2 

80 

16 5 x 10 4 71.1 

3.7 x 10 4 

15.9 

90 

20.0 x 10 4 86.2 

5.0 x 10 4 

21.6 

100 

24.9 x 10 4 107.5 

— 

— 



Table 28. MECHANICAL PROPERTIES OF ALUMINUM ALLOYS 
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* Based on 5.0 x 10 cycles R. R. Moore Test 
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Figure 1. Effect of Carbon Chain Length 
on Phase Transition Temperature 
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CARBON ATOMS IN CHAIN 

Figure 3. Effect of Carbon Chain Length 
on Phase Transition Temperature 
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Figure 4. Effect of Carbon Chain Length 
on Phase Transition Temperature 
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CARBON ATOMS IN CHAIN 

Figure 5(a) Effect of Carton Chain Length on Heat of Fusion 
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Figure 6(a) Effect of Carbon Chain Length on Heat of Fusion 
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Figure 5(b). Effect of Carbon Chain Length 
on Heat of Transition 
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Figure 6(b) Effect of Carbon Chain Length 
on Heat of Transition 
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Figure 7(b) Effect of Carbon Chain Length 
on Heat of Transition 
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Figure 10. Effect of Temperature on Specific Heat 
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Figure 11. Effect of Temperature on Specific Heat 
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Figure 12. Effect of Temperature on Specific Heat 
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Figure 13. Effect of Homologous Temperature 
on Tensile Strength of Paraffin Hydrocarbons 
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Figure 15. Undecane - Hexadecane Binary Systen 
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Figure 17. Dodecane - Nonadecane Binary System 
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Figure 19. Trl decane - Octadecane Binary System 
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Figure 20. Hexadecane - Octadecane Binary System 


\ 


1 









A1B.2J 


HUMPHREY CHEMICAL COMPANY 


LIQUID 


SOLID PHASE CHANGE 


UNDECANE 


WEIGHT PERCENT DODECANE 


DQDECANE 


Figure 23. Effect of Composition on Heats of Fusion 
and Transition for Undecane - Dodecane Binary System 



HEATS OF FUSION AND TRANSITION (KJoule/Kg) 


4 


1 






A1B.24 



0 

c n H 24 

UNDECANE 


20 40 60 80 

WEIGHT PERCENT HEXADECANE 


100 

C 16 H 34 

HEXADECANE 



Figure 24. Effect of Composition on Heats of Fusion 
and Transition for Undecane - Hexadecane Binary System 
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Figure 25. Effect of Composition on Heats of Fusion 
and Transition for Dodecane - Trl decane Binary System 
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Figure 26. Effect of Composition on Heets of Fusion 
end Transition for Dodecane - Nonadecane Binary System 
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Figure 27. Effect of Composition on Meets of Fusion 
end Trensltlon for Oodecene - El cosene Blnery System 
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Figure 28. Effect of Composition on Heats of Fusion 
and Transition for Trldecane - Octadecane Binary System 
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Figure 29. Effect of Composition on Heats of Fusion 
and Transition for Hexadecane - Octadecane Binary System 
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Figure 30. Effect of Coaposltton on Heats of Fusion 
and Transition for Octadecane - Nonadecane Binary Systaa 
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Figure 31. Effect of Composition on Heats of Fusion 
and Transition for Nonadecane - Elcosane Binary System 



